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Abstract The assessment of motor functioning in young
children has become increasingly important in recent years
with the acknowledgement that motor impairment is linked
with cognitive, language, social and emotional difficulties.
However, there is no one gold standard assessment tool to
investigate motor ability in children. The aim of the current
paper was to discuss the issues related to the assessment of
motor ability in young pre-school children and to provide
guidelines on the best approach for motor assessment. The
paper discusses the maturational changes in brain develop-
ment at the preschool level in relation to motor ability. Other
issues include sex differences in motor ability at this young
age, and evidence for this in relation to sociological versus
biological influences. From the previous literature it is unclear
what needs to be assessed in relation to motor functioning.
Should the focus be underlying motor processes or movement
skill assessment? Several key assessment tools are discussed
that produce a general measure of motor performance
followed by a description of tools that assess specific skills,
such as fine and gross motor, ball and graphomotor skills. The
paper concludes with recommendations on the best approach
in assessing motor function in pre-school children.
Keywords Motor ability . Movement skill . Motor
assessment . Preschool children . Fine motor . Gross motor .
Grapho-motor skills
Introduction
In the last decade, there has been an increasing acknowl-
edgment in the child development literature of the impor-
tance of motor ability in a child’s overall development,
particularly if this is compromised. Motor impairment often
accompanies disorders such as autism (e.g., Dewey et al.
2007; Dyck et al. 2006), attention deficit hyperactivity
disorder (ADHD) (e.g., Pitcher et al. 2003; Rasmussen and
Gillberg 2000), learning disabilities such as dyslexia
(Fawcett and Nicholson 1995), and anxiety disorders (Erez
et al. 2004). Motor impairment may also be categorised as a
disorder in its own right, ranging from severe motor impair-
ment seen in cerebral palsy, to the relatively mild seen in
children with Developmental Coordination Disorder (DCD),
a condition defined as “a marked impairment in the devel-
opment of motor coordination that significantly interferes
with academic competence or daily living skills” (American
Psychiatric Association 2000, p. 56).
Research has recently highlighted the importance of
addressing mild motor impairment because of the co-
occurring difficulties that often accompanies this. There is
evidence that poor motor ability may impact on physical
fitness (Chia et al. 2009; Hands and Larkin 2002, 2006;
Silman et al. 2011), with the potential for the child to be
overweight or obese (Hands et al. 2009). This may result in
increased risk of cardiorespiratory disease (Schott et al.
2007). There may also be accompanying difficulties in
academic (Alloway 2007; Dewey et al. 2000), social (Smyth
and Anderson 2000) and emotional (Cairney et al. 2010;
Rigoli et al. 2012) functioning. For instance, children with
DCD have been found to withdraw and avoid motor
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activities (e.g., Mandich et al. 2003), have poorer self-
perceptions and self-worth (e.g., Miyahara and Piek 2006;
Rose et al. 1997; Skinner and Piek 2001), and are more
likely to have higher levels of anxiety (Pearsall-Jones et al.
2011; Skinner and Piek 2001) and depression (Piek et al.
2007), even in preschool children as young as 4 years of age
(Piek et al. 2008). Furthermore, longitudinal studies have
identified a relationship between early motor ability on later
cognitive (e.g., Murray et al. 2006; Piek et al. 2008), aca-
demic (e.g., Kurdek and Sinclair 2001), and emotional (e.g.,
Piek et al. 2010; Sigurdsson et al. 2002) outcomes. There-
fore, early identification of motor impairment is important to
ensure that the child has the appropriate support, particularly
prior to commencing school, where the additional pressures
of their poor motor performance may have deleterious
effects on cognitive, academic and social-emotional
development.
What is unclear at pre-school age is whether poor
performance in the motor domain is attributable to specific
impairment such as cerebral palsy or DCD, or whether it is a
result of delayed development possibly due to a lack of
opportunity to learn or practice motor skills (Gottlieb
2001). Prior motor experience has been identified for many
decades as an important factor in motor development, as
highlighted by Bower’s (1977) comment that “it seems clear
that the environment-initiated opportunities for practice in
fact have a great deal to do with both the rate and direction of
motor development” (p. 91). This early motor experience
begins during the fetal stage (e.g., Provine 1993), and consid-
erable research in the area of postural control has highlighted
its importance in infancy (e.g., Haas and Diener 1988;
Sveistrup and Woollacott 1996, 1997). Hence a child has
had considerable opportunity for experience and practice with
motor skills by the time they reach preschool age.
The early years are a very rapid stage of development,
marked by considerable growth and change in a child’s
motor repertoire. In the first instance, young children learn
the pattern of basic movements before refining their perfor-
mance and combining these movements into complex skills
needed for activities of daily living and participation in
many different types of physical activity. For example, once
children have mastered the leap and hop they can combine
these to perform a basketball lay-up. The age children
master skills varies, but in general, most fundamental move-
ment skills are in place by 8 years of age. Contributing to
this rapid development are changes occurring at the neuro-
logical level, with more than 100 billion neurons intricately
connecting with one another and undergoing constant alter-
ation to enable one to execute the many functions underly-
ing human motor behaviour. While many changes are
genetically predetermined, there are also critical periods or
‘windows of opportunity’ where neurodevelopment is
affected by quality of the child’s environment (Chugani
1998; Greenough and Black 1992), particularly in early
childhood. For example, children who are exposed to stim-
ulating environments that are supportive of skill develop-
ment are more likely develop into confident and proficient
movers. While children who are constrained or discouraged
to be active, with limited social interaction, do not have the
opportunity to expand their motor repertoire and develop
confidence in their own ability (Goodway et al. 2003;
McPhillips and Jordan-Black 2007).
Brain Development in Young Children
Over the past two decades, neuroimaging studies have con-
tributed considerably to our knowledge of maturational
changes occurring during brain development which coincide
with marked improvements in cognitive, motor and percep-
tual abilities (see Casey et al. 2005 for a review). Despite
brain size only growing from 80 % to 90 % of its adult size
between 2 and 5 years of age (Dekaban 1978), there are
many changes occurring at the cellular level as a result of
myelination, synaptic remodelling and pruning (Tau and
Peterson 2010). The extent of this activity is highlighted in
studies which have demonstrated that resting brain glucose
metabolism is at its highest in early childhood, almost twice
that of adult levels in 4 to 5 year old children (Chugani
1994; Chugani et al. 1987).
It is well documented that the increase in brain volume
during childhood is not uniform, with variable periods of
growth in different regions of the cerebral cortex (Johnson
2003). Sensory and motor areas are typically the first to
mature (Casey et al. 2005), with the density of synapses in
the sensorimotor cortex reaching adult levels between late
infancy and the pre-school period. However, motor control
is dependent on many interconnections between cortical and
sub-cortical regions of the brain. For example, the prefrontal
and lateral temporal cortices, important for integrating the
primary sensory-motor processes and higher cognitive func-
tions, do not appear to reach adult levels of maturity until
adolescence. Despite long developmental times, these
regions do undergo the most dramatic annualised rate of
change during childhood. This was demonstrated in work by
Sowell et al. (2004) who found that the brain expands up to
1 mm a year in the prefrontal cortex in children aged 5–
11 years (see Fig. 1). Interestingly, during these critical
periods of brain development, abnormalities in behaviour
and motor functioning become most evident. This demon-
strates that many brain functions involve highly sophisticat-
ed cortical networks and an abnormality or delay in the
development in one area is likely to impact the functioning
of another.
As a result of these varying maturational rates, different
motor processes are likely to mature at different rates, and
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this needs to be taken into account when considering the
assessment of motor performance. As Hayes and Martenuik
noted (in Fietzek et al. 2000), the neural control mechanisms
involved in the performance of particular motor skills may
define their complexity. Largo and colleagues (2001) iden-
tified complexity as a key issue in relation to developmental
trajectories for different timed movements. They criticised
earlier neurological assessment tools for not taking into
account task complexity and maturational differences, and
recommended that the measurement of motor performance
should take a development-oriented approach as is the case
for intellectual performance, where “age-specific changes
and inter-individual variation has been a well-accepted prac-
tice for many years” (p.435). Consequently, they produced
normative data for tasks requiring timed performance such
as repetitive and sequential finger movements, pegboard
tasks, alternating hand and foot movements, and static and
dynamic balance tasks in children aged between 5 and
18 years. In all tasks, performance improved throughout
the pre-pubertal period, with complexity of the movement
impacting on the rate of improvement and the age at which
the movement reached its best performance. As a result of
this study, the authors recommended that assessment of
motor performance requires age-specific standards for
specific motor tasks.
Sex Differences in Motor Ability
Although there has been evidence in the research literature
for over half a century of sex differences in motor ability
(Gutteridge 1939; Morris et al. 1982; Thomas and French
1985), this has been largely ignored in the development of
motor assessment tools for young children. In 1976, Touwen
identified ‘appreciable’ differences between boys and girls
in terms of the development of their motor milestones in
infancy. He found that boys appeared to walk or sit earlier
than girls, whereas girls developed functional skills such as
vocalising and grasping sooner. Others have also identified
sex differences in motor performance in infants and chil-
dren; boys usually better at locomotor skills and girls better
at balancing skills and flexibility tasks (e.g., Anastasi 1981;
Capute et al. 1985; Hands and Larkin 1997; Pedersen et al.
2003; Piek et al. 2002; Thomas and French 1985; Van
Waelvelde et al. 2003).
Motor tests such as the McCarron Assessment of Neuro-
muscular Development (MAND: McCarron 1997) have ac-
knowledged different motor abilities for adolescent males
and females following puberty, and included separate norms
from age 14 years. These differences in adolescence are
supported by the results of imaging studies investigating
brain morphology in adolescence. For example, Groeschel
et al. (2010) found a larger white matter volume and a
greater increase in the white matter to grey matter ratio in
adolescent males compared with females. Perrin et al.
(2009) suggested that these differences may be due to in-
creased axonal calibre in males and an increase in myelina-
tion in females.
However, the failure of most tests to account for sex
differences among younger children is a concern. Thomas
and French (1985) suggested that these differences may be
due primarily to sociological factors. That is, boys are more
likely to do better at skills such as running, jumping and
catching, and girls at fine motor skills due to more practice
and experience as a result of gender stereotyping. However,
there is considerable neurological evidence of differences
between boys and girls in brain structure and function from
infancy (e.g., de Bellis et al. 2001; Liu et al. 2011), suggest-
ing that biological factors may also be linked with the sex
differences identified. For example, Liu and colleagues used
MR imaging to investigate sex differences in 19 male and
19 female healthy preterm neonates. The total brain volume
was investigated in 38 infants and was found to be 10.7 %
larger for boys (mean ± SD, 461±59 cm3) compared with
girls (414±30 cm3), although white matter tract volumes
were significantly larger in girls than boys (see Fig. 2). They
identified sex differences in language and motor related
tracts, and suggested that this may be due to genetic factors
Fig. 1 Annualised rate of
growth in the cerebral cortex in
5–11 year olds. Red regions
indicate regions with greatest
annual growth. [Reprinted with
permission from Sowell et al.
(2004). Longitudinal Mapping
of Cortical Thickness and Brain
Growth in Normal Children.
The Journal of Neuroscience,
24(38), 8223–8231, Figure 5,
page 8227]
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or a result of the impact of sex steroids on early brain
development. However, given that this study used
healthy preterm infants at term-equivalent age, the
authors suggest that the results be treated with caution
as further studies are required to determine whether
these early structural differences between boys and girls
are linked with later sex differences in motor and
language functioning. Despite this caution, it is clear
that there is considerable evidence to suggest that when
motor assessment tools are developed, possible sex
differences need to be considered at all ages, not just
during the adolescent period.
Motor Assessment Tests
There are dozens of assessment tools available to examine
motor performance at the preschool age. Many of these tools
were developed last century but only the more popular tests
that have been developed or updated in the last 20 years will
be described here. It is essential that the norms for these
assessment tools are regularly updated as there is evidence
for a trend of earlier onset of common motor milestones
more recently compared with earlier in the last century (e.g.,
Capute et al. 1985; Gallahue and Ozmun 2002; Piek 2006).
There are many factors that could contribute to this, although
changes in child-rearing practices may be a major factor given
that research has identified cultural differences in child-rearing
resulting in different rates of motor milestone development
(e.g., Hamilton 1981; Super 1976). In contrast, Blank and
colleagues (2012) warn that over the last 40 years there has
been a “downward trend in motor ability” (p. 72), and urge
that tests maintain up to date norms as a result.
General Motor Assessment
Many of the motor assessment measures produce a total
assessment score similar to intelligence tests, which give
an indication of the child’s overall motor performance in
relation to children of the same age. This implies that there
is a single trait for motor ability, a general motor ability
(GMA), which is a contentious issue. Despite the arguments
against this, Burton and Rodgerson (2001) argue that “the
overall composite scores in most movement assessment
instruments provide at least rough estimates of GMA” (p.
362). Therefore these tests serve a purpose. However, unlike
intelligence and language assessments, no one motor test
has been identified as a gold standard assessment tool.
Extensive literature is available that evaluates the more
commonly used tests, but most of this relates to earlier test
versions. Many of the problems with these tests raised in the
literature have been addressed in the more recent versions,
Fig. 2 Sensori-motor and language related tracts were shown on b0
images in a healthy preterm girl born at 31 weeks GA and imaged at
37 weeks GA (a–c) and in a boy born at 30 weeks GA and imaged at
37 weeks GA (d–f). Axial (a, d) and coronal (b, e) images showed the
CST (dark green) and the STR (motor STR in yellow-red and sensory
STR in blue). Sagittal images (c, f) showed the fronto-parietal SLF
(light green) and parieto-temporal SLF (pink). [reprinted with permis-
sion from Liu et al. (2011). Gender Differences in Language and
Motor-Related Fibers in a Population of healthy Preterm Neonates at
Term-Equivalent Age: A diffusion Tensor and Probablistic Tractogra-
phy Study. American Journal of Neuroradiology, 32, 2011–16, Fig. 1,
page 2013]
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and therefore only literature relating to the new editions will
be considered in relation to the evaluation of the tests.
Several recent reviews (e.g., Brown and Lalor 2009;
Cools et al. 2009; Slater et al. 2010; Van Hartingsveldt et
al. 2011) provide comprehensive descriptions of the most
commonly used assessment tools. Four of these tests are
briefly outlined below.
Movement Assessment Battery for Children (2nd Edition)-
(MABC-2) This test by Henderson et al. (2007), a revised
version of the Movement Assessment Battery for Children
(Henderson and Sugden 1992), has been described as one of
the most commonly used tests of motor impairment by health
practitioners (e.g., Geuze et al. 2001). It has 8 items divided
into aiming and catching (2 items), manual dexterity (3 items)
and static and dynamic balance (3 items), each of which
produce a component standard score in addition to a total
standard score. The MABC-2 has three different age bands
of 3–6, 7–10 and 11–16 years and is therefore suitable for
preschool children. Testing time is generally between 20 and
40 min.
Although the original MABC demonstrated excellent
reliability and validity, very few studies have been published
for the 2nd edition. Smits-Engelsman et al. (2011) reported
reasonable reliability for the MABC-2 in a small study of 50
children aged 3 years. Brown and Lalor (2009) also report
an unpublished study by Visser and Jongmans prior
to the release of the MABC-2 where test-retest reliability
was found to be between 0.49 and 0.70 in a sample of 55 3-
year old children. The test authors report correlations be-
tween .86 and .91 for test-retest reliability in a sample of 20
3-year old children. Smits-Engelsman and colleagues noted
that even when young children were unable to perform the
tests as described in the instructions, test results remained
highly reproducible, supporting the use of this test in young
children. One criticism of the MABC-2 is that despite evi-
dence that the original MABC test produced different results
for boys and girls in the lower age ranges (e.g. Engel-Yeger et
al. 2010; Livesey et al. 2007), separate norms for boys and
girls were not considered necessary (Barnett 2008). A further
criticism is that because test items and scaling differ between
age bands, this may cause difficulties with the longitudinal
analysis of individuals, either for research purposes or in
ongoing clinical evaluation (Blank et al. 2012). Despite these
concerns, the MABC-2 remains one of the most popular
assessment tools due to its sound psychometric properties
and ease of use which requires minimal training. Slater and
colleagues (2010) ranked it the highest in their evaluation of
seven different tests, although they cautioned that further
evaluation of its psychometric properties is required.
Peabody Developmental Motor Scales (2nd Edition) –
(PDMS-2) According to Cools and colleagues (2009), the
PDMS-2 (Folio and Fewell 2000) has changed very little
from the original PDMS (Folio and Fewell 1983), with an
update of normative data for American and Canadian chil-
dren, and a more thorough analysis of reliability and valid-
ity. The PDMS-2 is suitable for infants and children aged
from birth to 5 years 11 months, so is not suitable for
ongoing assessment into the school years. This could be
considered a limitation in follow-up assessment and also in
research comparing pre-school children with older children.
It is also quite lengthy to administer taking from 45 to
60 min. Although it provides separate measures for gross
and fine motor performance, and has been found to have
good reliability and validity, Slater and colleagues (2010)
ranked this test 5th out of the seven tests evaluated. A
particular concern noted by Slater et al. was the lack of
sensitivity in identifying children with minor motor deficits.
Bruininks-Oseretsky Test of Motor Proficiency (2nd Edition) –
(BOT-2) The BOT-2 (Bruininks and Bruininks 2005) is a
revised version of the BOTMP (Bruininks 1978). One spe-
cific aim of the revised version was to “improve measure-
ment among 4- and 5-year-olds” (p.1) by extending the
target range downwards. Consequently, new activities
were included and others modified. The long (or com-
plete) version now comprises 53 items (7 more than the
original BOTMP) and 14 items in the short form. In
contrast with the PDMS-2, the BOT-2 was designed to
“identify motor skill deficits in individuals with mild to
moderate motor control problems” (p.1). A further ad-
vantage of this test is that age and gender specific
norms are provided for individuals from 4 to 21 years
of age. However, the test time of 40–60 min is long,
particularly for young children, and the score conversion
system is quite complicated.
The BOT-2 provides results for eight subtests measuring
fine motor precision, fine motor integration, manual dexter-
ity, bilateral coordination, balance, running speed and agil-
ity, upper limb coordination, and strength, which are
aggregated into fine manual control, manual coordination,
body coordination and strength and agility composites. The
sum of all scores results in a total composite score. Evidence
is provided for the content and construct validity, and test-
retest and interrater reliability of the test for 4 years olds is
provided. Slater et al. (2010) ranked this test as 3rd out of 7.
Deitz et al. (2007) found that some test items are still quite
difficult for typically developing 4 year olds and for 5 year
olds with developmental delay. When the lengthy test time
is also considered, this test is most appropriate for children
aged 6 years and upwards. There is, however, a short form
of the BOT-2 which may be more suitable for the assess-
ment of the younger children. However, few studies have
examined its psychometric properties in pre-school aged
children.
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McCarron Assessment of Neuromuscular Development
(MAND) First published in 1982, the MAND (McCarron
1997) is designed to measure a broad spectrum of motor
performance in individuals aged from 3 ½years to adult-
hood. While a second edition of the manual was released in
1997, minimal changes were made. Sex-specific scaled
scores were included for two strength tasks (hand strength
and jump) for individuals from 14 years of age. The ten item
test, which includes both fine and gross motor activities, and
measures abilities such as one and two hand dexterity, static
and dynamic balance and postural control, takes approxi-
mately 15–20 min to administer. Items are scored quantita-
tively, qualitatively or a combination of both. The raw
scores are converted to age-adjusted scaled scores (M010,
SD03) which are summed and normalised to create a
Neuromuscular Developmental Index (M0100, SD015).
Evidence is provided by McCarron (1997) of the content,
construct, predictive and concurrent validity and test-retest
reliability of the MAND. It appears that only two other
studies have examined the psychometric properties of the
MAND, both Australian (Brantner et al. 2009; Tan et al.
2001). Its validity as a measure of motor impairment with
young children (4–6 years) has been questioned (Brantner et
al. 2009) although Tan and colleagues (2001) found it to be
a more accurate identifier of children (5–11 years) with
motor impairment compared to the BOTMP. Slater et al.
(2010) considered some of the test items as unusual and the
scoring system as difficult to interpret. The authors ranked
this test as equal lowest with the Zurich Neuromotor
Assessment which is primarily used in Switzerland (Blank
et al. 2012).
Overview
It can be seen from the above list that some of these tests are
described as measuring motor and others, movement perfor-
mance. According to Keogh and Sugden (1985), the term
‘motor’ is indicative of an internal process and is often
linked with motor ability, defined by Burton and Miller
(1998) as “general traits or capacities of an individual that
underlie the performance of a variety of movement skills”
(p.43). The term ‘movement’, on the other hand, refers to
skills that are external and observable, namely, “a specific
class of goal-directed movement patterns such as running,
throwing, hammering, driving, writing, or even speaking”
(Burton and Miller 1998, p.44). However, as not all test
developers have this understanding, it is important to ask, do
these listed tests measure observable motor skills or are they
assessing the underlying motor abilities? And what should
they be testing? (Burton and Rodgerson 2001).
Studies that have compared these tests have often found
quite different results for the children tested (e.g., Brantner
et al. 2009; Spironello et al. 2010; Tan et al. 2001). Both
Spironello and colleagues, and Tan and colleagues found
poor agreement in terms of motor competence between the
original version of the short form Bruininks-Oseretsky Test
(Bruininks 1978) and the original MABC (Henderson and
Sugden 1992). Tan and colleagues, who used a clinical
sample, found better agreement between the MAND and
MABC in determining motor impairment. All three tests are
considered to be based on the Normative Functional Skills
approach (Wilson 2005), that is, they focus on the outcome
of functional skills, and hence it would be expected that they
would show good agreement. However, Brantner and col-
leagues, using a community sample, also failed to find
strong agreement between the MAND and the MABC. Even
with subtests that on face validity suggested similar motor
skills (e.g., MAND Jumping and MABC Jumping over
Cord), only medium correlations were found.
Given such variability in outcome, which tests are the
most suitable to use? In a recent review of movement skill
assessment tools for preschool children, Cools and col-
leagues (2009) argued that the test to be used needs to be
chosen in relation to the circumstance in which it is to be
used. This would include the test purpose, which may be the
clinical assessment of the child, assessment of an interven-
tion which would require follow-up measures, or for re-
search purposes in a community sample. Each test
described above would be appropriate for different purpo-
ses. The other issue that needs to be considered is whether a
general measure of motor performance is required or is there
need to investigate a specific aspect of motor performance.
Measuring Specific Performance Deficits
Motor impairment can be quite specific. In some children,
the impairment may be quite extensive involving a wide
range of motor deficits, suggesting the disruption of many
interconnected brain regions. In others it may only be relat-
ed to difficulties in balance or locomotion (usually termed
gross motor skills), or it may only affect manual skills such
as drawing or using scissors (usually termed fine motor
skills). More complex skills such as handwriting (grapho-
motor ability) or ball skills may also be affected. This
heterogeneity is not surprising given that these different
skills (e.g., walking, postural adjustment, finger or arm
movements) “all involve different specialized motor
systems” (Carlson 2010, p. 273).
Movements are directly controlled by the primary motor
cortex through two descending tracts, the ventromedial
group and the lateral group. Table 1 lists the major motor
pathways of these two tracts, and the muscle groups and
functions they control. The cerebellum is also important for
motor control. For example, the lateral zone of the cerebel-
lum is linked with the planning of complex timed movement
sequences, such as ball skills and other rapid, skilled
Neuropsychol Rev
movements (Carlson 2010). The reticular formation, com-
prising nuclei in the medulla, pons and midbrain is important
in postural control and locomotion, and the basal ganglia have
been linked with severe motor deficits such as Parkinson’s
disease which results in a loss or slowness of movement and
Huntington’s disease which causes uncontrollable jerky
movements. This suggests that the basal ganglia are important
in regulating smooth, slow movements (Carlson 2010).
Assessment of specific motor skills may therefore provide
some indication of where possible deficits originate.
Gross and fine motor skills are assessed separately in
several of the assessment tools described above, such as
the PDMS-2 which provides a separate quotient for gross
motor, fine motor and total motor scores. Although the
MAND has separate gross and fine motor scores, the psy-
chometric properties for these subtests were based on a
small sample of intellectually disabled adults. Consequently,
the interpretation of the MAND subscale scores should be
treated with caution, even though the concept of fine and
gross motor skills may remain clinically useful. The BOT-2
derives four composite standard scores labelled fine manual
control, manual coordination, body coordination and
strength and agility, whereas the MABC-2 has three subt-
ests, dynamic and static balance (often considered a measure
of gross motor performance), manual skills (considered a
measure of fine motor performance), and ball skills.
Largo and colleagues (2001) argue that the measure of
manual skills in tests such as the MABC-2 are complex,
such as cutting paper with scissors, and are therefore mea-
suring non-motor skills involving considerable sensory pro-
cessing. They suggest that these tests are suitable to assess
functional skills, but an assessment tool such as the Zurich
Neuromotor Assessment which individually assesses a
range of timed movements (e.g., peg board, repetitive and
sequential finger movements), is more clinically relevant as
it appears that “timed performances of various motor tasks
are not equally affected by neurological disturbances” (p.
442). They provided separate centile curves for these timed
movements using a large sample of children in Zurich,
including 106 kindergarten/preschool children.
Ball skills are considered a “demanding and complex mo-
tor task” (Van Waelvelde et al. 2003, p.259) involving visual
and kinaesthetic integration, appropriate timing and balance
and considerable attentional demands. Van Waelvelde et al.
(2003) argue that the ball skill tasks found in assessments such
as the PDMS, BOTMP and MABC have not demonstrated
adequate reliability at the test item level, and as a result they
produced a standardised short ball catching test for children
aged 7 to 9 years. However, there appears to be no comparable
test for pre-school children.
Several tests have been designed to evaluate gross motor
performance. For example, the Körperkoordination für
kinder (KTK) quantitatively assesses dynamic balance skills
in children aged between 5 and 14 years (Kiphard and
Schilling 2007). As it takes around 20 min to administer
and has excellent reliability it is considered very useful as a
screening instrument to identify balance problems. Howev-
er, Blank et al. (2012) warn that despite a recent version in
2007, the test norms were not updated from the original ones
developed in 1973–1974, a cause for concern.
The Test of Gross Motor Development-second edition
(TGMD-2) uses skill-specific performance criteria to assess
both object control (for example kick, overhand throw) and
locomotor skills (run, hop) in children aged between 3 and
Table 1 The major motor pathways of the motor cortex for A. The
Lateral Group, and B. the Ventromedial Group. Note: all terminate in
the spinal cord except the corticobulbar tract which terminates in the
cranial nerve nuclei: 5, 7, 9, and 10–12. (Adapted from N.R. Carlson,
Physiology of Behavior, 10th edn., 2010, p. 277, Reprinted by permis-
sion of Pearson Education, Inc., Upper Saddle River, New Jersey)
Origin Muscle group Function
A. Lateral group
Lateral corticospinal tract Finger, hand, and arm region
of the motor cortex
Fingers, hands and arms Grasping and manipulating objects
Rubrospinal tract Red nucleus Hands (not fingers), lower arms,
feet, and lower legs
Movement of forearms and hands
independent from that of the trunk
Corticobulbar tract Face region of motor cortex Face and tongue Face and tongue movements
B. Ventromedial group
Vestibulospinal tract Vestibular nuclei Trunk and legs Posture
Tectospinal tract Superior colliculi Neck and trunk Coordination of eye movements
with those of trunk and head.
Lateral reticulospinal tract Medullary reticular formation Flexor muscles of legs Walking
Medial reticulospinal tract Pontine reticular formation Extensor muscles of legs Walking
Ventral corticospinal tract Trunk and upper leg region
of motor cortex
Hands (not fingers), lower arms,
feet and lower legs
Locomotion and posture
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10 years (Ulrich 2000). This information is useful for de-
veloping targeted intervention programs, identifying chil-
dren who need some additional instruction, and evaluating
the success of teaching programs at an individual or group
level. Slater and colleagues (2010) rated this test highly,
ranking it equal first with the MABC-2.
A complex movement skill that is difficult to measure is
handwriting. At the pre-school age, handwriting skills have
not developed, but at this level, it is important to develop
handwriting readiness or pre-writing skills (van Hartingsveldt
et al. 2011). It may be possible to identify a deficit in hand-
writing readiness through poor performance on fine motor
tasks as there is extensive evidence of a relationship between
fine motor difficulties and handwriting skill (e.g., Smits-
Engelsman et al. 2001). Others, however, argue that the
problem is more complex. For example, Volman et al.
(2006) suggested two different mechanisms may be responsi-
ble for hand-writing quality in children, finemotor control and
visuo-motor integration. Hence, a test that covers this com-
plexity is needed to assess pre-writing skills. In an extensive
review of assessment tools for children aged 5 and 6 years,
van Hartingsveldt identified 12 assessment tools that could
assess handwriting readiness. They argued that only one test
fulfilled the requirements of the Taxanomic Code of Occupa-
tional Performance for handwriting readiness. This was the
School version of the Assessment of Motor and Process Skills
(School-AMPS). Despite this, it fails to evaluate visual motor
integration, which suggests a need to incorporate several tests
when assessing handwriting readiness. The BOT-2, for exam-
ple assesses both fine motor coordination and visual motor
integration and was found to have the best psychometric
properties of the 12 assessment tools identified. However, this
was criticised for not being an occupation based assessment,
that is, based on a real-life situation. Overall, more research is
needed to determine the most suitable way of assessing this
important skill at the preschool age.
Recommendations
The previous sections demonstrate clearly that the rate of
development in the early years is not linear and varies
considerably depending on the interaction between biolog-
ical and environmental factors. If a lower score is obtained
on motor assessments this could be the result of a range of
factors contributing to developmental delay or may be due
to a motor impairment. Therefore, if a child performs poorly
on an assessment does he or she have a motor disability or is
it simply late development (Blank et al. 2012), lack of
opportunity or having a bad day? A study by Pless et al.
(2002) identified 37 preschool children aged 5–6 years with
motor difficulties, but then on reassessment at age 7–8 years
only 20 of these children showed definite motor problems.
Of these 20, 15 (out of 19) had definite problems at the
initial testing and the remaining 5 (out of 18) were consid-
ered borderline at the initial testing phase. Level of severity
appears to be an indicator of motor disability later on, a
finding supporting previous studies that have investigated
assessment at preschool and 10 years on (Cantell et al. 1994;
Losse et al. 1991).
In a recent review by Blank et al. (2012), several recom-
mendations were made in terms of the assessment of motor
ability in children 5 years and younger. Apart from the issue
of misdiagnosis due to delayed development, the authors
suggested that the reliability of the tests may be affected by
the young child’s lack of motivation or cooperation. How-
ever, assessment tools have proven to be reliable at this age,
provided the child can engage appropriately with the testing
process (e.g., Smits-Engelsman et al. 2011). The recommen-
dation for assessing pre-school children (3–5 years) was to
only consider children who have a marked delay at their
initial assessment (less than the 5th percentile) and reassess
after a minimum of 3 months following the initial assess-
ment. Shorter assessment rates would not be recommended
due to possible practice effects (Blank et al. 2012).
This raises an additional issue in relation to assessment.
Marked delay above is defined as ‘less than the 5th percen-
tile’. The MABC-2, for example has a cut-off at the 15th
percentile for children described as at risk, and at the 5th
percentile for definite motor impairment. The MAND has
three cut-off levels for mild, moderate and severe disorder.
Therefore, it would be recommended that children with
definite or severe problems (usually within the 5th percen-
tile) should have immediate intervention, whereas those in
the borderline range need to be carefully monitored. How-
ever, because of the heterogeneity of movement disorders, it
is possible that a general motor assessment score that is in
the at risk category may not capture a more specific deficit
(Geuze et al. 2001) that is quite severe, as the scores are
summed for the range of motor skills assessed. Therefore, it
is essential to examine the test items or subtests to determine
if there is a specific deficit or delay. If this is the case then
further testing of this particular skill is recommended. Fur-
thermore, a recommendation by Blank and colleagues
(2012) is that once a child has been identified with a condition
like Developmental Coordination Disorder, specific areas of
motor function should be assessed in order to classify children
into the ICD subgroups of gross motor dysfunctions (F82.0)
or fine motor dysfunctions (F82.1) or both.
A further consideration is the impact of other develop-
mental disorders on motor assessment. For example, if a
child who is being assessed for motor deficits also has
ADHD, how does this impact on the assessment? Can a
child who has attention problems or is hyperactive or im-
pulsive be accurately assessed? The same applies to children
with learning or language difficulties. It is important to
Neuropsychol Rev
understand how these other disabilities could impact on
assessment and carefully monitor the child’s performance
to ensure that their motor ability is accurately assessed. A
recently developed test by Vles et al. (2004), the Maastrichtse
Motoriek Test (MMT), assesses fine and gross movement
skills in children aged 5 to 6 years and also claims to be able
to identify children at risk of ADHD.
Too often in the past, motor impairment has been attrib-
uted to the symptoms of other disorders such as ADHD
(e.g., DSM-IV diagnosis of ADHD, APA 2000). However,
given the cognitive, academic and social problems that have
been linked with motor impairment it is essential that a dual
diagnosis be given if children also have a motor impairment.
One example relates to anxious and depressive symptoms
which could be linked to either motor impairment or ADHD
symptomatology. Evidence suggests that both are equally
important to consider (Piek et al. 2007).
Intervention Approaches
If a child is identified with severe or definite motor prob-
lems then immediate intervention is recommended. Howev-
er, what is effective intervention for pre-school aged
children? Ideally, one on one therapy with health practi-
tioners such as physiotherapists, occupational therapists or
other movement specialists is considered the most effective
treatment approach as it ensures that the intervention targets
the specific deficits identified in each child. The type of
intervention administered between and within each type of
therapy is often eclectic, incorporating features of different
types of approaches which can be adapted to suit the needs
of the child. Hillier (2007) reviewed a variety of different
intervention approaches available to children with motor
learning difficulties and found that regardless of the type
of intervention “what is trained is what is improved, whether
it be sensory based or motor skill based” (p. 9).
Physiotherapy in school-aged children with motor defi-
cits has been found to be effective, provided the treatment is
intensive and carried out by an experienced therapist
(Schoemaker et al. 1994). Occupational therapy too has
been found to be effective, particularly newer therapy mod-
els such as the Cognitive Orientation to daily Occupational
Performance (CO-OP) which involves a problem-solving
approach utilising cognitive strategies enabling children to
achieve their functional goals (Polatajko et al. 2001). There
are also other types of movement therapy available,
which differ slightly from traditional models of therapy,
and tend to concentrate on skills needed in daily living
and for academic achievement, such as the Unigym
program offered in Western Australia, using a task-
specific approach centred on the development of funda-
mental movement skills.
While one on one therapy does offer individualised
programming, group settings can also beneficial in certain
situations, particularly for the development of social skills
which can often be deficient. It is important however that
the severity of movement difficulties, level of interaction of
the child with other members of the group and goals of the
intervention be all carefully considered (Blank et al. 2012).
What works well for one child may not necessarily work
well for another, so it is important that children are well
matched in group settings to ensure that movement and
social outcomes are optimised. These issues are taken into
account with the Animal Fun program (Piek et al. 2010)
which is a universal program for pre-primary children
administered by teachers to the whole class. This pro-
gram includes modules designed to promote both gross
and fine motor development as well as social/emotional
development.
It is important for intervention to extend beyond the
therapy sessions. As Sugden and Chambers (2003) point
out, access to therapists can be difficult for a number of
reasons, and other approaches need to be considered. They
demonstrated the importance that family and teachers can
make in assisting with the development of children’s motor
skills. Simple activities such as re-enforcement of techni-
ques used in therapy sessions and through home exercises
are important, along with an open line of communication
between the therapists working with the child, their families
and teachers. It is important that a child has the opportunity
to develop a broad array of movement skills, so they can
fully engage in all aspects of their life, including those
needed at home, school and in the playground.
Conclusion
It is clear that early identification ofmotor impairment, even in
less severe disorders such as DCD, is crucial. It is needed in
order to provide appropriate intervention, not only to improve
motor skills, but also to prevent or reduce health, academic,
and psychosocial problems associated with poor motor ability.
Also, it is clear that children may have specific motor deficits
or delays that need to be addressed, and without appropriate
assessment it is difficult to know these specific problems. Not
only is this important to improve the child’s motor ability, but
recent research has highlighted the importance of identifying
specific motor deficits because of their links with other prob-
lems. For example, recent research in an adolescent sample
demonstrated that ball skills, but not manual dexterity or
balance, was linked with working memory and academic
performance, possibly due to the importance of the cerebellum
in all of these processes (Rigoli et al. in press). Furthermore,
in the same sample, aiming and catching and balance skills
(but not manual dexterity) were related to psychosocial
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factors such as self-perceptions, anxiety and depression
(Rigoli et al. 2012).
In conclusion, although there are many assessment tools
available, it is important to determine the most appropriate
tools to use. We have provided an overview of the most
commonly used tools, and have also indicated where further
research is needed. Unfortunately, there is much to be done
as the importance of motor development in all aspects of a
child’s development has only recently been recognised.
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